Toxins produced by Aeromonas hydrophila strain A10 in the muscle of carp at the site of injection were studied. Carps injected with the crude toxins showed swelling and reddening of the body surface as those injected with the live bacteria. The toxic substance was partially purified from a extract of the necrotized muscles by ammonium sulfate precipitation, ion-exchange chromatography and gel filtration. As a result, it was suggested that a-type hemolysin was implicated in the toxicity. The hemolysin was heat-labile, and inactivated by EDTA, trypsin and papain, but stable at pH value between 4.0 and 11.2.
Toxins produced by Aeromonas hydrophila strain A10 in the muscle of carp at the site of injection were studied. Carps injected with the crude toxins showed swelling and reddening of the body surface as those injected with the live bacteria. The toxic substance was partially purified from a extract of the necrotized muscles by ammonium sulfate precipitation, ion-exchange chromatography and gel filtration. As a result, it was suggested that a-type hemolysin was implicated in the toxicity. The hemolysin was heat-labile, and inactivated by EDTA, trypsin and papain, but stable at pH value between 4.0 and 11.2.
Aeromonas hydrophila is an important pathogen of freshwater fishes. The disease was characterized by hemorrhages of the body surface and formation of hemorrhagic and necrotic regions in the internal organs (EGUSA, 1978) . From bacteriological and histopathological studies, the site of bacterial multiplication was generally confined, e.g. the eyes in the infectious disease of ayu (MIYAZAKI and Jo, 1985) and the intestines in red disease of eel (KANAI et ai., 1977; MIYAZAKI, 1980) . Therefore it seemed that these pathological changes were due to the actions of some toxic substances produced by the bacterium. In fact, A. hydrophila is known to produce various toxic substances such as hemolysins (BERNHEIMER and AVIGAD, 1974; LJUNGH et al., 1981; BUCKLEY et al., 1981) , proteases (THUNE et al., 1982; KANAI and WAKABAYASHI, 1984) and enterotoxin (JOHNSON and LIOR, 1981; BURKE et al., 1981) in artificial media. However, their productions have not been demonstrated in vivo.
As a result of several trials for extracting toxic substances from the artificially infected fish, A. hydrophila strain AI0 was found to produce such an extractable toxin in vivo. An injection of the toxin to carp caused swelling and reddening of its body surface. This report describes partial purification and characterization of the toxin.
Materials and Methods

Bacterial strain
A. hydrophila strain AIO, isolated from the intestine of a diseased eel in 1979, was used in this study. The organism was suspended in nutrient broth added with 10% glycerin and stored at -80°C to preserve its toxin productfvity. The strain is known to produce hemolysin and protease in vitro (WAKABAYASHI et al., 1981) .
Production of in vivo toxins
Twenty-four to 48-hour-old culture of the organism on nutrient agar was suspended in 0.01 M phosphate buffered saline, pH 6.8, (PBS) at a concentration of 0.01 mg/ml by wet weight. Carp weighing 30 to 80 g were injected intramuscularly through several points of the dorsal area with 0.1 ml of the cell suspension per point. The inoculated fish were placed in an aquarium at 23 t025°C. After 12 to 24 hr dying fish were dipped up out of water, and the muscle of the dorsal area was excised and homogenized with 3 volumes (w/v) of ice-cooled PBS. After centrifugation at 10,000 g for 30 min. the supernatant fluid was sterilized by millipore filter and stored at 4°C.
Partial purification of in vivo toxins
One hundred to 120 ml of crude extracts obtained from five carps were used as a starting material.
Solid ammonium sulfate was added to the crude extracts to 30 % saturation. The precipitate was removed by centrifugation, and ammonium sulfate was added again until the saturation reached 60 %. The p,:ecipitate was collected and dissolved in a small volume of 0.01 M phosphate buffer, pH 7.8. The solution was dialyzed against the phosphate buffer and applied to a DEAE-Toyopearl 650M (Toyo Soda) column, equilibrated with the same buffer. Elution was performed with a linear gradient of 0 to 0.5 M NaCI. Fractions which possessed toxic activities were pooled and cqncentrated by 30 % solution of polyethyleneglycol 20,000 and dialyzed against 0.1 M phosphate buffer, pH 6.8. The dialyzed solution was applied to a Sephacryl S-300 column (2.5 x 90 cm), equilibrated with the phosphate buffer and eluted with the same buffer. Fractions which possessed toxic activities were pooled and stored at 4°C.
Seven reserves on the way to purification were combined and concentrated with polyethyleneglycol solution. The concentrated and dialyzed solution was subjected to re-gel filtration on Sephacryl S-300 by the same way as above. Toxic fractions eluted from the column were designated as a partially purified toxin.
Preparation 0/ in vitro toxins
Brain heart infusion broth (Nissui) was supplemented with filter sterillzed ammonium sulfate to a final concentration of 2 % for reducing protease production (Lru and HSIEH, 1969) . Fresh culture of strain AI0 was inoculated to the medium and shaken for 20 hr on a reciprocal shaker at 25°C. Cells harvested by centrifugation were washed twice with 0.85 % NaCI solution and suspended in 0.05 M phosphate buffer, pH 6.8, at a concentration of 0.5 glml by wet weight. The cell suspension was subjected to sonic disruption for 5 min. per 1 m!. The supernatant was dialyzed against the phosphate buffer and stored at 4°C with 0.02 % sodium azide as a preservative.
The culture supernatant was added with ammonium sulfate to 66.7 % saturation. The precipitate was dissolved in 0.05 M phosphate buffer, pH 6.8, and dialyzed against the buffer. The clear solution was stored at 4°C with 0.02% sodium azide.
Measurement 0/ enzyme activity
Hemolytic activity on rabbit erythrocytes was assayed in PBS using a serial twofold dilution method. Mixture of 0.5 ml of sample and 1 % suspension of the erythrocytes was incubated for 1 hr at 37°C followed by for 2 hr in an ice-cooled bath. Hemolytic unit (HU1m!) was expressed as the reciprocal of the highest dilution which lysed at least 50 % of the erythrocytes.
Proteolytic activity was determined according to KANAI and WAKABAYASHI (1984) , using casein as a substrate.
Toxicity test
Toxic activities of preparations were studied by injecting intramuscularly carp (10 to 30 g) with a dosage of 0.5 ml per 100 g body weight.
Skin reaction was examined by injecting intracutaneously to the dorsal area of guinea-pig with a dosage of 0.1 m!.
Polyacrylamide gel electrophoresis
Disc electrophoresis was carried out as described by DAVIS (1964), using 7.5% gels with a constant current of 2 mAo Results Toxic activities were recognized in the hind part of a large peak eluted from the second chromatography on Sephacryl S-300 (Fig. 1) . These fractions were accompanied with hemolytic activies, and the fractions which contained more than 512 HU/ml were toxic to carp (Table 1) . The concentrated solution of a pool of the fractions between 43 and 49 was used as a partially purified toxin, which was separated to one major and several minor bands by polyacrylamide gel electrophoresis. The partially purified toxin possessed an hemolytic activity of 1024 HUIml and a proteolytic activity of 22 p,g/m!.
Carp injected with live bacteria of strain AI0 died, showing swelling and scale protrusion at the injected site and characteristic reddening of body surface, especially the head and the abdomen ( Fig. 2A) . Upon injection of the partially purified toxin with 256 HU per 100 g body weight, quite similar symptoms to those developed by live + Swelling at the injected site and reddening of the body surface were occurred upon intramuscular injection to carp.
-No symptoms were observed. *3 In this case toxicity was tested about the concentrated solution of the pooled fractions between 39 and 42.
bacteria were observed within 8 hI' (Fig. 2B) . Severe hemolysis of the peripheral blood was also observed as well as in the case of the live bacteria. However, these fish merely died and recovered within a week. In some cases experimental fish laid themselves down to the bottom of an aquarium immediately after injection and sometimes showed twitching motion as if the motor nerves injured. But most fish did not show reddening of the body surface nor die. Injection site' of guinea-pig skin became to greenish yellow in color upon Injections of the partially purified toxin. Minimum reaction dose was 6.4 HU per injection. Hemorrhages were not observed upon injections of the toxin up to 102.4
HU. Hemolytic activities of a sonic extract of the bacterial cells and a concentrate of the culture supernatant were estimated to be 512 HU/m!.
and 8192 HU/m/, respectively. Swelling and scale protrusion at the injection sites were observed upon intramuscular injections of both the cellextract and the culture supernatant to carp with a dosage of 256 HUI and 4096 HU per 100 g body weight, respectively. However, these fish did not show reddening of the body surface.
Susceptibilities of the erythrocytes of various animal species to the partially purified toxin were shown in Table 2 . Among six species rabbit erythrocytes were most sensitive. To the cell- * After dialyzing at each pH overnight, samples were further dialyzed to 0.1 M phosphate buffer, pH 6.8.
extract both horse and rabbit erythrocytes were sensitive. On the contrary the culture supernatant was active to the erythrocytes of guinea-pig and eel, but insensitive to those of horse and rabbit.
Mode of hemolysis was studied in an agar plate containing 2 % rabbit erythrocytes. As a result, the partially purified toxin produced an opaque zone, i.e. incomplete hemolysis (a-type).
On the other hand the cell-extract and the culture supernatant produced transparent zones of hemolysis (ft-type) (Fig. 3) . Hemolytic activity of the in vivo toxin was stable to heat treatment at 50°C for 10 min., but above 53°C reduction of the activity occurred (Table 3 ). The activity was stable at pH value between 4.0 and 11.2 at 4°C (Table 4) . The toxicity to carp was also heat-stable at 50°C, but inactivated by heating at 56°C for 5 min. The toxicity was stable at pH between 6.3 and 10.8, but dialysis of the toxin at pH 3.3 resulted in the reduction of the activity.
Molecular weight estimated from the eluted position in gel filtration was a value between 40,000 and 50,000. EDTA and o-iodosobenzoic acid, an oxidizing agent of SH-group, inhibited the hemolytic activity. The hemolytic activity was destroyed by trypsin and papain, but not by a-chymotrypsin (Table 5) . Discussion * Sample (512 HUjml) was heated at each temperature for 10 min.
Following observations suggested that hemolysin was implicated in the toxicity. First, hemo- lysin activity was detected in accompany with the toxicity throughout purification. Second, the toxicity and the hemolytic activity showed resemblant natures in heat and pH stability tests. Third, in vivo hemolysis was caused by an injection of the toxin. Reddening of the body surface, one of the visible symptoms, would be due to exudation of hemoglobin from the capillaries. Mode of hemolysis of the toxin was a-type, because an opaque zone of hemolysis was formed in an agar plate containing erythrocytes. A. hydrophila was known to produce both a and j3-type hemolysins in vitro, which were designated as a and j3-hemolysin, respectively (LJUNGH et al., 1981) . The in vitro a-hemolysin was produced during stationary phase of bacterial growth along with cell lysis (LJUNGH et a!., 1981; WERTLIND et al., 1973) . This was different from the present toxin which was produced within 20 hr after inoculation which corresponded to the logarithmic phase. But, because nutrient and growth condition were thought to be considerably different between in vitro and in vivo, further study is necessary to compare two toxins in detail, using purified materials.
Beta-type hemolysin was produced during logarithmic phase intra-and extracellularly in BHI broth as described by LJUNGH et a!. (1981) . However, the present a-hemolytic toxin was thought to be scarcely produced by this cultural method, because injection of the cell-extract or the culture supernatant did not cause reddening of the body surface. So a preliminary experiment on production of the toxin in vitro using carp muscle was carried out. Cultivation techniques were as follows; a) fresh culture of A. hydrophila strain AlO was inoculated into a fillet of muscle and incubated at 28°C for 24 hr in a sterile petri dish, b) AID was inoculated into a fillet and incubated as a) except that a fillet was immersed in PBS in a petri dish, c) AlO was inoculated to the homogenate of muscle and shaken at 28°C for 24 hr, and d) the homogenate of muscle was centrifuged, and A10 was inoculated to the supernatant solution and shaken for 24 hr. As a result, a-type, not j3-type, hemolysin was produced in vitro, but hemolytic titer was considerably different among the four techniques, that is, in case of a) the hemolytic titer was 16 HUjm/, b) was 256 HUjm/, c) was 4 HUjm/, and d) was less than 2 HUjm!. And upon injection to carp only the injectant prepared by b) method caused reddening of the body surface. These results suggest that both nutrient and cultural conditions influence the production of the toxin. Proteolytic or j3-hemolytic activity was hardly detected in a crude extract of necrotic muscle, but the present result did not negate the productions of the protease and the j3-hemolysin in vivo, because there is a possibility that these substances were in inactive states as they had already adsorbed to substrates or inhibitors.
